The mortality and incidence of cancer was studied among 295 workers at a Swedish gas production company. All men employed for at least one year between 1965 and 1972 were included in the study. The follow up period for mortality was 1966 to 1986, and the incidence of cancer was followed up from 1966 to 1983. Expected numbers of deaths were based on local death rates among occupationally active men, the expected numbers of cancer were based on national statistics. The total mortality was increased, mainly due to an excess of deaths from circulatory diseases. The excess was larger after long follow up and after long employment periods. Two cases of cancer in the nose and nasal sinuses were found; there was no excess of lung cancer. Smoking habits were investigated for a subset ofthe cohort and did not differ from the average for men in large cities. The findings are discussed in relation to other studies of soot and combustion exposed workers.
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Coal gas is produced by dry distillation of bituminous coal. Coke, the residue after distillation, is formed as a byproduct.
The Stockholm Gas Company has produced gas since the middle of the nineteenth century. The current plant started in 1893 and coal gas was produced in coke ovens from around 1918 to 1972. Before 1918 the gas was produced in retorts and since 1972 gas has been produced by cracking ofpetroleum products. The coke ovens were similar to those in a coke plant and coke was an important byproduct.
Around 150 000 000 m' gas and 300 000 metric tons coke were produced annually in the period 1950-70.
Gas and coke workers are exposed to gas and smoke from the ovens. The first study indicating an increased risk of cancer for gas workers was published in 1936, when Kuroda and Kawahata reported an excess of lung cancer at a Japanese gas plant.' Excesses of cancer of the lung and bladder were later reported among 2449 British gas workers2 and an excess of lung cancer was also found in a small cohort of Danish gas workers.3 Several case reports indicate that gas workers are also at increased risk for skin cancer. Polycyclic aromatic hydrocarbons (PAH) have been pointed out as the most probable cause of the excess risks. 4 The International Agency for Research on Cancer (IARC) evaluated the cancer hazards for gas production workers and concluded that there was sufficient evidence that coal tar from destructive distillation of coal in gas works causes skin cancer in man and there was also sufficient evidence that certain exposures in retort houses of older coal gasification processes are carcinogenic and give rise to lung cancer in man. 4 There was limited evidence that such occupational exposures also cause bladder cancer. No data were available for exposures in newer processes.
The occupational exposures associated with coal gas production have several similarities with those in coke plants, where coke is produced for metallurgical purposes and gas is a byproduct. An excess of lung cancer was reported among 4661 workers in 12 coke plants in the United States and Canada. There was also a tendency towards increased mortality in cancer of the kidney and prostate. '9 An excess of lung cancer was found among 6767 English coke production workers (SMR = 117)9 and among 1269 French coke production workers (SMR= 251).1o
An investigation of the mortality and incidence of cancer at a Swedish coke plant was first published in 1979"1 and the study was updated in 1987.12 There was an increased mortality from ischaemic heart disease but no definite indications of an excess of lung cancer in this small cohort.
Thus there is strong evidence for an increased risk of lung cancer among coke and gas workers, possibly caused by exposure to PAH. In recent years an increased risk for atherosclerotic disease has also been reported among workers exposed to combustion products and PAH. Excesses of ischaemic heart disease were found among Swedish chimney Interviews were performed with a group of older workers and foremen in the workshop and maintenance departments regarding the smoking habits of the cohort members in these departments. Smoking data for 950o of the cohort members in these departments were obtained in this way.
Outcome was traced by a computerised register of the living population at Stockholm County Administration Board, death and burial books at the clerical parishes, and Stockholm City Archives. Underlying causes of deaths were obtained from Statistics Sweden and data on the incidence of cancer were obtained from the Swedish Cancer Registry. Mortality was investigated from 1966 to 1986 and the incidence of cancer from 1966 to 1983.
Four of the 300 cohort members had emigrated and one was never registered in Swedish population registers. These five individuals were excluded from the analyses. Table 1 shows the number of individuals and average employment periods in each department.
Expected numbers of deaths and cancers were computed according to the person-year method, counting years at risk for each individual, specific for five year age class and five year calendar time class.
The OCMAP'9 and EPILIN2" computer programs were used for the calculations.
The reference rates for mortality were based on the mortality in "Greater Stockholm," a geographical area including Stockholm City and the surrounding communities. A second set of reference rates was also calculated, based on the mortality among occupationally active men. The rates were derived by combining the local mortality data with information on the mortality among employed and not employed individuals obtained in the national census of 1960.21 This second set of rates reflects the local mortality The analysis of the mortality by department increased, 84 deaths were observed whereas 67 would should be interpreted with caution, since the expecbe expected, based on the reference rates for ted numbers of deaths in each department were small occupationally active men (table 2). The excess was and since the changing of job types could not be mainly caused by increased risks for circulatory traced for the period before 1965. There was an diseases and violent deaths. No excess of total cancer excess of circulatory diseases among the workshop mortality or lung cancer mortality was found. The and maintenance workers and an excess of violent violent deaths were not related to the work environ-deaths among the outside workers (table 5) . There ment.
were no excesses among the coke oven workers.
The excess of circulatory diseases was mainly due
In general, the analysis of the incidence of cancer to an excess after long follow up, more than 40 years (table 6) supported the findings in the mortality 
Discussion
There was an increased mortality from circulatory diseases and violent deaths among the gas workers. The possible causes, the effects of smoking habits, and choice of reference population are discussed below.
CIRCULATORY DISEASES
The mortality from circulatory diseases, including ischaemic heart disease, was increased in the cohort and the increase was more pronounced after long follow up and after a long employment period. This supports that the excess was caused by occupational factors. An increased risk of ischaemic heart disease has been reported also in other groups exposed to combustion products, and animal experimental data suggest that PAH may be the causative factor.2324 In addition, it has been proposed that the atherosclerotic plaque is a benign smooth muscle neoplastic tumour." A recent study showed the presence of a transforming gene in human atherosclerotic plaque DNA, indicating that somatic cell-gene alterations play a part in atherosclerotic plaque development. 26 The largest excess of ischaemic heart disease was found among the workshop and maintenance workers and not among the coke oven workers. The coke oven workers had considerably shorter employment periods, however, and their cumulated exposure to PAHs may have been lower than that for the workshop and maintenance workers. No definite conclusions may be formulated since exposure data are lacking.
The study was limited to workers employed for at least one year between 1965 and 1972. In 1965 the plant had already been operating for a long time and many of the gas workers had started their employment earlier. This leads to a lack of individuals with short employment periods in the cohort and since the long term employed workers are a "surviving" population the risks may be underestimated. 27 An excess ofischaemic heart disease was also found among coke oven workers at a Swedish steel plant,12 although no excess has been reported among coke oven workers or gas workers in the United States' or United Kingdom.29 Lack of smoking data and possible bias from the healthy worker effect make direct comparisons difficult, however.2829 OTHER CAUSES OF DEATH There were indications of an excess of respiratory diseases after long follow up, with three observed cases whereas 07 would be expected. The high exposure to dust may have played a part, although no conclusions can be based on only three cases.
CANCER INCIDENCE AND MORTALITY
There were two cases of nasal and sinonasal cancer whereas only 007 would be expected. An association with exposure to chemicals in the workplace could be explained by deposition in the nasal mucosa of dust particles of large diameters coated with PAH. 
